Pesq. Vet. Bras. 34(4):329-331, abril 2014 329 RESUMO.-[Ocorrência de DNA de Toxoplasma gondii em ovelhas naturalmente infectadas e abatidas em matadouros de Pernambuco.] Objetivou-se estudar a ocorrência de anticorpos contra Toxoplasma gondii e detectar o DNA genômico do parasito em órgãos reprodutivos, fetos e anexos fetais de ovelhas em matadouros no estado de Pernambuco, Brasil. Foram coletadas amostras de soro sanguíneo, útero, trompas e ovários, além de fetos e placentas. Para a triagem utilizou-se a técnica de Imunofluorescência Indireta (RIFI) e para a detecção do DNA de T. gondii empregou-se a Reação em Cadeia da Polimerase (PCR) nos animais positivos na sorologia e em todos os fetos e ane-xos fetais. Na sorologia, 13/50 amostras foram positivas e o DNA genômico de T. gondii foi detectado em uma amostra de útero, trompa, ovário, placenta e feto (coração, cérebro e cordão umbilical) de uma ovelha positiva na sorologia. A identidade molecular dos produtos amplificados foi confirmada por sequenciamento. Neste estudo comprova-se a ocorrência do DNA de T. gondii em órgãos do sistema reprodutivo, placenta e feto de ovelha naturalmente infectada. TERMOS DE INDEXAÇÃO: Toxoplasmose, Toxoplasma gondii, ovelha, Reação em Cadeia da Polimerase.
INTRODUCTION
Toxoplasmosis is a significant zoonosis with a worldwide distribution and is considered to be one of the main causes of reproductive disorders in sheep worldwide (Dubey & Schmitz 1981 , Dubey 1986 , 1988 , Underwood & Rook 1992 . Barberan & Marco (1997) studied the reproductive aspects of ovine toxoplasmosis and reported the following possible results: embryo resorption; abortion; malformed fetuses and weak, debilitated offspring. Sheep are usually infected by ingesting oocysts with food and water, although congenital transmission is also considered to be significant The aim of the present study was to assess the occurrence of antibodies to Toxoplasma gondii and to detect genomic DNA of the parasite in the reproductive organs, fetuses and fetal membranes of sheep in slaughterhouses in the state of Pernambuco, Brazil. The Indirect Immunofluorescence technique (IFA) was used for screening. The Polymerase Chain Reaction (PCR) was used to detect DNA of T. gondii in the animals that were positive in the serology. In the serology, 13/50 samples were positive and genomic DNA of T. gondii was detected in one uterus, tube, ovary, placenta and fetus (heart, brain and umbilical cord) sample from a sheep that was positive in the serology. The present study provides evidence of the occurrence of T. gondii DNA in the organs of the reproductive system, placenta and fetus of a naturally infected sheep. in this species (Blewett et al. 1982 , Duncanson et al. 2001 , Williams et al. 2005 , Buxton et al. 2006 .
In Denmark, Thamsborg et al. (1994) reported abortions related to toxoplasmosis in naturally infected sheep using techniques of histopathology and bioassays with mice. In Spain, Pereira & Bueno (2004) also demonstrated the presence of Toxoplasma gondii DNA in aborted fetuses from naturally infected sheep. Masala et al. (2007) detected T. gondii DNA in the tissues of aborted fetuses in Italy. In Brazil, Moraes et al. (2011) found T. gondii in aborted and stillborn sheep fetuses in nested PCR, thereby demonstrating the significance of this disease in sheep reproduction.
Among naturally infected animals, there are no records of the occurrence of this parasite in the reproductive organs, fetuses or embryos of sheep that were slaughtered for consumption. Since the distribution of T. gondii in tissues from slaughtered animals has already been studied extensively in farm animals, the present study aimed to investigate the presence of this parasite in organs that have not yet been studied, associated with reproductive aspects. The sexual transmission of this parasite was recently proven in association with the experimental infection of sheep (Moraes et al. 2010a (Moraes et al. , 2010b . This result inspired the performance of the present study, which aimed to detect genomic DNA of T. gondii in the uterus, tubes, ovaries, fetuses and placenta of sheep that were serologically positive and slaughtered in slaughterhouses in the state of Pernambuco, Brazil.
MATERIALS AND METHODS
Blood serum samples, organs of the reproductive system, fetus and placenta. Fifty blood serum samples, 50 uterus, tube and ovary samples, 15 fetuses and 15 placentas were collected from sheep of different breeds in slaughterhouses in the state of Pernambuco, Brazil.
Serology. Indirect Immunofluorescence (IFA) was used to detect IgG antibodies to T. Gondii, as described by Camargo (1964) : anti-sheep IgG (Sigma ® ); conjugated to fluorescein isothiocynate; a cut-off point of 64; using tachyzoites of the RH strain as an antigen; previously known positive and negative control reactions were included in all groups.
Molecular examination to detect Toxoplama gondii DNA. Tissue samples from the sheep that were positive in the serology were sent for a molecular examination. Tissue samples from the females (uterus, tubes and ovaries) and the fetuses (brain, heart, placenta and umbilical cord) were used for DNA extraction. The DNA was extracted using the Wizard Genomic DNA Purification (Promega ® ) commercial kit, following the manufacturer's instructions.
The primer pairs used in the PCR were TOX4 (CGCTGCAGGGA-GGAAGACGAAAGTTG) and TOX5 (CGCTGCAGACACAGTGCATCTG-GATT), as described by Homan et al. (2000) , amplifying a region of 529 base pairs (bp). The amplification reactions were conducted at a final volume of 12.5mL containing: 2.5µL of genomic DNA; 0.5µL of each primer (TOX4 and TOX5) at 10µM; 2.5µL of ultra--pure Milli-Q water and 6.25µL of Top Taq Master Mix (Qiagen ® ), following the manufacturer's instructions. The thermal profile of the stages of the reaction was conducted in an XP Thermal Cycler (Bioxer Technology CO. LTDA). This process consisted of an initial DNA denaturation at 94°C (7minutes), followed by 35 cycles at 94°C for 1 minute for denaturation, 60°C for 1 minute for annealing, 72°C for 1 minute for extension and a final extension of 10 minutes at 72°C. The products amplified were detected by electrophoresis in agarose gel 2%, stained with Blue Green (LGC ® ), visualized in ultraviolet light and photodocumented. The positive control used in the reaction was obtained by suspending the washed intraperitoneal of mice that were previously infected with the RH strain.
For the sequencing, the products amplified were purified using commercial GFXTM PCR DNA and a Gel Band Purification kit (GE Healthcare). Using the sequencer ABI PRISM 3100 (Applied Biosystems), reactions were carried out in both strands using the primers (TOX4 and TOX5), according to the Big Dye Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems ® ). The polymerization was performed in 96-well plates, following the manufacturer's instructions. Sequences were analyzed through Bioedit and MEGA 5 software and compared with the NCBI database using Blast.
RESULTS
In the serology, 13/50 samples tested were positive. Of the 50 sheep studied, 09 were pregnant and 05 were positive in the IFA.
In the PCR, one pregnant sheep was positive for Toxoplasma gondii (uterus, tubes and ovaries). The placenta and fetus were also positive (heart and brain). The other 14 fetuses and placentas were negative.
The molecular identity was confirmed through direct double-stranded sequencing which indicated 99.9% similarity with the DNA sequences of T. gondii stored in the Genbank (DQ779196.1).
DISCUSSION
In the present study, the frequency of 26% of positive sheep obtained in the IFA is close to the results obtained by Silva et al. (2003) in the same region: 35.3% of seropositive sheep. Other studies in several regions of Brazil have recorded values ranging from 7% to 55%, which may reflect the different temperatures and humidity levels of the regions studied, as well as the age of the animals, the breeding system, the serological test and the cut-off point used. Serological studies in several countries worldwide have investigated the prevalence of antibodies to T. gondii in sheep, and the results range from 3% to 92% (Dubey 1990 (Dubey , 2009 ).
The positive sheep found in the present study was destined for consumption by the local population, which is worrying from a public health point of view, since muscles with viable cysts could be a source of infection among humans. In the present study, the parasite was not investigated in the organs of choice for the formation of cysts. There have already been numerous studies of the significance of human consumption of muscles and viscera contaminated with Toxoplasma gondii. However, no previous studies have investigated toxoplasmosis in humans in this region of Brazil, associated with the consumption of the meat and viscera of ruminants. The results of the present study could serve to stimulate other epidemiological studies in this area.
With regards to the implications for the health of the animals, particularly in terms of sheep reproduction, Duncanson et al. (2001) reported congenital transmission of T. gondii among sheep, with 94% of lambs positive and aborted in Australia. The authors also found the parasite in placental tissue of successful pregnancies. They suggested that congenital transmission occurred in a high percentage Occurrence of Toxoplasma gondii DNA in sheep naturally infected and slaughtered in abattoirs in Pernambuco, Brazil of the lambs that were born alive, and that the transplacental transmission route could explain the persistence of the parasite in herds, without the need for new infections through oocysts excreted by cats.
In Brazil, abortion as a result of T. gondii has previously been reported in a number of regions. However, a study of the presence of this parasite in the reproductive organs of slaughtered sheep has not yet been conducted. The presence of T. gondii DNA in the placenta, heart and brain of the fetus of a sheep that was positive in the serology confirmed the vertical transmission of the parasite in naturally infected sheep in Brazil. The following data, related to spontaneous abortions caused by T. gondii, are recorded in the literature: 10.6% in Germany (Steuber et al. 1995) ; 11.1% and 18.1% in Italy (Masala et al. 2003 (Masala et al. , 2007 ; 14.3% in Brazil (Moraes et al. 2011); 16.9% and 23.2% in Spain (Hurtado et al. 2001, Pereira-Bueno et al. 2004 ) and 17.5% in the USA (Dubey & Kirkbride 1990) .
The sheep that was positive in the serology was also positive in the PCR of the uterus, ovaries and tubes. These findings are significant in the epidemiology of ovine toxoplasmosis since they have not been seen before in cases of natural infection. However, it is too early to discuss with any certainty the meaning of the presence of this parasite in the reproductive organs of naturally infected sheep. In cases of congenital transmission, it is known that the parasite arrives in the placenta and fetus through the blood. However, Rodriguez et al. (2013) recently inoculated lambs with T. gondii and confirmed the infection of females through natural mating, finding the parasite in the sheep and their lambs using PCR. These results demonstrated the sexual transmission of T. gondii among sheep with a consequent vertical transm000ission to the offspring. Moraes et al. (2010a and 2010b) confirmed venereal transmission of the parasite during insemination with semen that had been experimentally infected with T. gondii and reported reproductive disorders including fetal death, abortion, hydrometra, mucometra, follicular cysts, anestrous and high rates of embryo resorption.
It was not possible in the present study to detect the phase of infection or the transmission route of the parasite. Despite the fact that the life cycle of T. gondii is well known, the presence of genomic DNA of the parasite in samples of the reproductive system of naturally infected sheep demonstrates that certain aspects of this infection require further investigation. This is the first report of the occurrence of T. gondii DNA in samples of uterus, tubes and ovaries from naturally infected sheep that were slaughtered in Pernambuco, Brazil.
